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Trends in automotive LiDARs
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A brief overview on the market and technology trends in automotive 3D LiDARs is given. Emphasis is
placed on semi-solid-state LiDARs and all solid-state LIDARs toward advanced passenger cars with con-
ditional driving automation of Level 3 or high driving automation of Level 4. Several recent examples of
passenger cars equipped with LiDARs and automotive LiDARs adopted for passenger cars are shown in
tables. Recent development trends on non-mechanical-scanning-type, all solid-state LiDARs are also
briefly explained.
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1. IC®HIC

3WILTA F =&, B ATRV— 5 —TILIN K755 AT 20 4 OYRDTIRSL BBk o Bk
EhlLreAdUcitBs 2 LIELTBY, HERERFEHt I —HICL > THEOE V=1l h b EEZD
nNTwna,

KE DARPA (EIBhmSEmFZeatmi)m) O FMEIC LY 2005 SEICA T 7 FIHEN—T 2 WEIZBWTEI N
7oHBGEATICE T % 3 VXTI, 2KILT A ¥ — (SICK LMS-291) % 5 fl#%#& L 7= Stanford K& H B
5L Stanley 2SR L 72250, RAEIC, 64 fH O L — — 2 BH L 72 360° HEH K 64 ¥ — A 0 3 KT T
A &7 — 2% Velodyne tH 12 X VIS &SN, ZOHF DI L LT, THNICEEZMZ 72 5% HE % Velodyne
HDL-64E 2L L 72, KE DARPA DEMICE D, AV 7+ V=7 IHOZEEREMIZIB T 2007 FI2EM S
N7 2 85 L 72 HE)E T 2 » X (Urban Challenge) T, /i L 7= Tartan Racing (Carnegie Mellon K
L GM & DA F — L) KO 2L & 7 5 7z Stanford Racing 77— A 2 &®, AFF 12 F— 2 0 HBEfEE
DRBIZZ O HLD-64E S X T\ 722,

2009 4E121E, Google fESHEEIF OIS T — A Z B ISR 8720, IRV RBRICHELrS X E ¥
7 L7 Waymo #E~EF6JE L 72, 2009 4E D Google (2 B1F % F— A 58RI, Waymo #2458 TO#E
ATHBEE, 2020 4F 1 H1213 2,000 = AV (83,200 15 km) (ZE LT Z&d, [HLIE 2018 EICAETO
HAEATHEE 1,000 <A VEERLTBY, b3h 1 FETRETHREL 5 S8/ ML, 2020 057
YO N30 J7 A OFRT Chandler 12T, HEERIEICL L5 7 Y —HF—EC 252 L T2,

TIK. Wiggers: Waymo's autonomous cars have driven 20 million miles on public roads, Jan. 6, 2020, https://venturebeat.
com/2020/01/06/waymos-autonomous-cars-have-driven-20-million-miles-on-public-roads/  (Accessed 2022.6.6)
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Waymo 10 HEEIZEORRICIE, S S HERBICL 5 L BbNb < IVF E— L4 360° ElEL 5 A 57—
s hTns ™

202246 HICiE, THETREICHALVS Y75 Y A THBEREOREETRBEZT>CTE 7
GM 42T @ Cruise #1725, £ OREEITERMBIAMICEHG S I, KA TRBOTL 2D, FRE»HEEN
BONIZERDY 7 —BITEIARAAERRIBTEDL I LI -7 Wit A#&EREHL, Chevrolet Bolt &
W) ETIVOBEBFHBFEEN-—ZAIZLTEY, ZOHBEEEOREMICIE, Velodyne HDL-64E & ) 1E 47
DNE R, 360° BEMITLOD T 4 7 — A5 5 EAREHER ST ™

N0 H B E R, REHEE CoMBLEYN - AL LT, BRICEEICHH SN TS, Nuro
%3 A OEEY — A BB EIRH R31E, EEK 27kg T TRETE, F7246.7C F TOMZ
RS5.6CETOHMSRETH Y, RAETHEX 72km/h TTOHTRTHSD. ZORES—ECAHHD)
TEERH O B O 7 &R EIARHTH 243, /IZ% 360° ERTIO T 4 77— ERERI N TN 5.

H B ERL L O AT & 2 KRERESE~OF G, RN X 2 A pErkn b, Sl RO, RE R &
I2X D, BEHI13LFMISET S THAD &, 2013 4EIC Molgan Stanley 112 & 0 G X2y, 2 oG
I, 2022 FUEHF TIOIIELHBHERSEBTE, 2023 £ 5 13582 HEERO L KNI A S TH
59 LFMENTVR, HBikT2TL <, ZOREHBERONFRETFMIEN % ) BB TH 722 LA
"o,

Velodyne HDL-64E 1%, 3 KICT — & BUFMEREN R 20 o 7228, BEEDT 13 kg YLEEH L, OMifgA 8 I
FUVRREE LD TR TH > 72720, HEEIREOW R O/-DI2E, T4 57— /N - K li& L2520 T d
% EEZ 5, 2016 1213 Velodyne #1113 HI5E v GEEEAE 200 m THH & 600 g D/NEL 7 360° gl H Z 1 4 —
VLP-32A Z BAZE L, HByEL3E R o K8 A e R 12 3 AliA% 2 2 M AR BEAR IR L 72 il 500 NV Tt AsH]
BTHDERELLY. ZOXIAHEROT, 2016 FEEHFE T, HRH T4 ¥ —Haliom¥Ez HIFL T,
L DAY =T v THRENBAL, BlZI1EOPA (Optical Phased Array) FEMFOBFEICE D, A AL AD4
BEAR S £ 7 —DEBTE, mERECIE 250 FVO/NITEAGiZERK T 1 57— 23T X 2t d 5 &
BTV 72 Quanergy FEOZEAMIEIE, —FF, 159 PV EEHiXh-2 b dHbY.

360° fEMIL 7 4 & —1%, WM T A 5 —Th, BEREESICE 2 HEGOMERHEELSS S & v )ik
BHB 5 720, SRR 2 SEEE L, ARG O BlEE > MEMS 2 ORERE) & - Ot % £ A
5 AT S 4 7 —%, WEIEE L RWEREKEL T 4 57— ORBEERILL Tw 5.

O L) EER T A 5 — ROEEAERI T 47—, WAL TE, SVAL—F—%Hn»
%% 4 VL7 b ToF (Time of Flight) 6 ONZZE3 L 7285t % Hv» 5 FMCW  (Frequency-Modulated Continuous
Wave) M O° RMCW (Random-Modulation Continuous Wave) 72 EDFE BB I N TS, L —F—fi
12 B L Ci, EEL (Edge-Emitting Laser), VCSEL (Vertical Cavity Surface Emitting Lasers), 7 7 f /¥ L —
=T EOLMPIHAENTwAE, L —F = RICHL TIE, NIR (Near Infrared) 3% 905 nm 7 &
%, SWIR (Short-Wave Infrared) 3H® 1,550 nm % EARA SN T 5. T2, EELFAICOVWTIE, 2KT
B, TRICERE VRILT Ty Y20, 2RILT Ty a2k EOMHRMFRBENTWS. F7206M
M#HICDOWTIE, pin 74 M ¥ 44— 1%, APD (Avalanche Photodiode), SPAD (Single-Photon Avalanche
Photodiode), Si-PM (Silicon Photomultipliers) 7% &4 D DPFHENTWE. ITNHLOMEEITL S

2R. Amadeo: Google’s Waymo invests in LIDAR technology, cuts costs by 90 percent. Waymo is developing hardware and soft-
ware to make the self-driving car a reality, Jan. 10, 2017, https://arstechnica.com/cars/2017/01/googles-waymo-invests-in-
LiDAR-technology-cuts-costs-by-90-percent/  (Accessed 2022.6.7)

3J. Oliva: GM’s Cruise is the first driverless taxi operating in a major US city. A fleet of 30 Chevrolet Bolt taxis will be operating
in San Francisco, California, June 04, 2022, https://www.motorl.com/news/590053/gm-cruise-driverless-taxi-california/
(Accessed 2022.6.6)

™A. Krush: Why making driverless cars is hard - and why you may have to wait indefinitely for them, May 23, 2019, https://
www.objectstyle.com/machine-learning/state-of-driverless-car-software-2019  (Accessed 2022.6.6)

M. Gauthier: Nuro introduces third-gen autonomous delivery vehicle, features sleekier styling and external air bag, Jan. 12,
2022, https://www.carscoops.com/2022/01/nuro-introduces-third-gen-autonomous-delivery-vehicle-features-sleeker-styling-
and-external-air-bag/  (Accessed 2022.6.6)
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TA TR BRI E R T T —FHHY, TNOEMET Tu—FICLHERT A F—I1Zon
T, TRETIEEL OBHSZER TV B,

360° fElm BB 5 4 & — 13 HM A2 VIR L THB Y, vk 7 ¥ —HPeMmEEY - AR
=R EEBRIN TV L 00, fiitk, FHaLOIME G EOBIN,PS, KEEEINTWS HERHFEHE
ANOERIIWETH AL EZONLDT, T 2T 360° TERBEMAT 4 & —1CBT23HIIE &, FE
IS 4 & — R OEFBRIS £ 5 — 128> T, 205 OB & OB L CH3s 5

2. T4 4—Di5EmE

21 BEEHZEOHE T

HEIHEAD T 4 ¥ — O, AEEEEOLNVICL->TRAY, HEEEEO L XU EL R 51T
ETA T —HERBDHIMT 20 E 261 50T, FTHBEREOHLEIMNICOWTZOMEZ LR L
TBLLENRD 5.

HEEZE O L ~OVE, [FESHAE ISO/SAE PAS 22736 (SAE 13016 & [A4F) TEH LN TWE Y. Zhic
T, Lo HEEEEZ L, LAV 1 RS, LoV 2 i HERERE, LoV 3 ST EEY
L, LNV 4 BEHBER, LAV S 2eHBhEEE, ThD. FIA NI X 2B LE LY
HFRELRV2UTTHY, LARVIPETREYATAICIBERPLENSL. LRLVITIE, YATLADD
DIAERIZH LT, FIAN=DHEYIHIET LI EPVETH L. L)V 4 TR, FFeftiticsun
T, VAT ADLETOMRIEY A7 #Efid 5. LNV S TR, WICYATADRETOREESY A7 &2 F$
5.

Waymo #, Gruise #1:, Argo fl, Aurora fh3IC X 20 R Y 7 =W EHO TR —, B RKbI v >
FORIE, WELRDY LAV 4 TORHILEZHIEL TIrbNTWw 5%, BEORFHEIEA —H—I2L5H
FAFRMEOEMEHEIAT Yy 7Ty THTHY, LRLV2, LARLV3IZEHALTOLNL 4, E52IFLAR
V5 O HEREROFEBE HIEL TW 5.

Z 1 F TlX ADAS (Advanced Driver Assitance System) 1%, JGiEiBili 78 A7 4 LRENTHBY, KT
AN—DOFNEE LT HHREE LTHEDST SN TEBY), ADAS 2R3 2 8fEIZ L~V 1 RO LRV 212
MYTLHEEZLNTVS, LA L, LCEEHKE ISO/SAE PAS 22736 @ 5.2 JHiRFFHE O 3 (Note 3)
ICXUE, ADAS &) HFEIA# R 2 &8 O THINIE RN T 2179 DIZ#ES TR v E LT, ADAS
EWVI)HFEICOWTRERD LR ENTWAW, L7225 T, ADAS LX)l 4, ADAS LNV 5 & \wvo 72KH]
AHBE L THREETIE AW 2 ZTld, Yole Development £}z UF Woodside Capital Partners 1 5 77 i
FEOMHBNC R 55T, BRY 7 —LEORMMAEEXNT 52012, HEMTHEIZOWTIZ, ADAS ¥
EIFRZ LIZT S, o T, LA 4 L RO HEEIREIZIE, LAV 4 DL RO HE KUY ADAS FLAE £
NDHZELIZHRDH, LV 4L LEDOY Y —DfliE O T IEMARRIZE RO T, LAV 4 D oI R
BRLTTICHMENTVEHD®, L)L 4Ll ED ADAS AR E SN TIRERD 2% B2 5 HNI,
PHRVBICELLDETFNENS.

BaRZ LI, 20184E12, KE - 7V VFIMIZBWT, ¥ 7 ¥ —&MirA o QEhEiEs 81T, E7
RBEFEEOANERICLY, EFGSELLZ L™, 2020121, 20 FHMOIKERIET 5720
2, ZHOGEFHIEEEOETREBZ PR L2 2 82X D, LAV 5 oesHEEEZ HIE L 728
TP L, WFELRMZM7 LG E DR ITEPRER LX)V 4 1I2R%E L 723812 AV (Autonomous Vehi-
cle) ERDY T MLz, LAV S OREHBEREOE KIE, 422035 ELEE 022 D kIR DD
LEZLRTWE Y,

"®Anonymous: Mobility experience (MX) concepts, https://tech.toyota-boshoku.com/global/innovation-design/mx-concepts.
html  (Accessed 2022.6.7)

TAnonymous: The automotive LiDAR market, April 2018, Yole Development and Woodside Capital Partners, https://
d19j0qt0x55bap.cloudfront.net/production/onboardings/5e5421415aaa397b552399b4/documents/file/ Yole_ WCP-LiDAR-
Report_April-2018-FINAL.pdf  (Accessed 2022.6.7)

Anonymous: Uber’s self-driving operator charged over fatal crash, Sep. 16, 2020, https://www.bbc.com/news/technology-
54175359  (Accessed 2022.6.7)
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0 AL A LT 2019 4E 1 AR S vz HERER oL FIIC 3 2 8s Y i L g, BE)
TR O R R B OM L, 2030 FELLRTIEIETH D, 2030 FELUFEO VT NHADEIIBNTILE E23) D
FUONEL, FRUBEIBGEABDSEFIMO, 2040 4FEICIE B EHEIOET L EDT & 2020 4EI12HEK
L7zau - Mic k28 aEBICAND L, HEREREOS R RO LD X5 ICETERS W
B2 H B, LA L, BT 5 X912, BEEsECORMBOMEETHZ ERE L& TToL Y
3 O HEERRAT 2020 SEA 5 2022 SEISHUT T, HA, FA Y, mEZETHRIMLEN/20, FIZLAXL3
D ADAS HLIIFIZ, T4 F—ERoOB XA, WIMN, HAR, PEZET 2021 FLREICDOPITHRILL T 5.
D7z, 2022 4Fix, ADAS BT HIL T £ ¥ — OEEICFE & AR LIRNICR Y 2O 5.

2.2 HEF T A—OHiHTE
221 R&RIZA Z—DOhizEm

2022 4 5 HIZ4 >~ 9 A4 » Thfit S 172 EPIC Online Meeting on LiDAR Miniaturization & & L 723G 1281
% Yole Development #:12 & % 5 4 =i ORZICHET 5 7L ¥ &R I L UL, 2019 4F4 5 2026 4F F
TOIA T =TI\ T, H#&N (ADAS, Robotic Cars, Logistics, Smart infrastructure, Manufacturing, Wind,
Topography) (2, TNZNE LE R PBROFRERO T — I BHMENTwE. ThiZhid, 2021 4F
5 2026 AF AT TOH &R GE EE O CAGR (EFHRES) &, TN, 94%, 32%, 19%, 38%,
4%, 2%, 6% THY, T4 ¥ —DOEHEDOKIE LE D CAGR 1£23% TH 5. 2021 H£IBIT L5 L,
2002 FVTHY, HEBORE RS (BAEG FV) 1§, 22 8s, 146, 195, 78, 307, 45, 1,146 T
HDH. THIH LT, 20254E BT HH5E EEiE, 4359 FVvThy, HEWoREE GEVER FV)
X, ZNZMN 1,387, 470, 403, 252, 352, 48, 1447 TH5hH. 72, 2026 FEI2BIT A H5E LEiE, 57.18 &
FVTHY, o EE (EAEH V) &, FhF2318, 575, 466, 466, 395, 379, 49, 1,534
Tdhb. 2021 F£1281F % Topography (MIEFEDWE) HOT = 71E572% L &L, by Ty =27 THED,
2026 4E121E, ADAS HLHZASY =7 405% &%), by Tv T ERoTWA.

F72, LR LVEVERNCI UL, 2021 FE2005 2026 FFI20T TOH B MM AEO CAGR 1X, ThEh
108%, 52%, 37%, 32%, 10%, 5%, 9% CT®H 5. 2021 FEICBT 2RI ERIZ 37T EETH Y, JHEBIH
et (WMALTA) &, ENFh 143, 27, 55, 60, 67, 0372, 18 THAH. ZHIZH LT, 2025 EI2BUT
LA AEUE 37.68 BETH ), HEMNMMW AR (HALTH) &, £hZh 3110, 150, 225, 157, 99
0452, 26 TH5A. F7z, 2026 FEICBIT 2B AT 6457 8AETH Y, HENMmEE GETE) &,
ZNEN 5,599, 216, 266, 238, 110, 0.475, 29 TH 5. ADAS B, 2020 4FELLATZ I A E2 /NS <,
HAF AN —ZATO v 7 ¥ = 713 Manufacturing (33&) HTdh o 7275, ADAS HIIZ CAGR 23 & & T
KEWD, 2021 SFIIEHITEBDO Y = TH38.6% &), My Ty o7 bholz 20254 KU 2026 4
BT LB —ATO ADAS HHD Y = 71X, TNEN82.5%, 86.7% ThA . HAIZ, ADAS H
FI B OF Robotic cars HHD 7 4 ¥ — O Hifili (FALT V) ZFHRE L TARIZE A, 2021 £ TIEENREN0.59,
54 ThHoz. Tz, 2025 F BT LN S HEMNOHAM (EALT FL) &, FhEh 0446, 3.133 TH
b, F7z, 2026 FFEIIBIT B ENSHEN O AN (BALT FV) &, ENZFN 0414, 2.662 ThH 5. ADAS
i ) OF Robotic cast HHD I 4 #—1%, WIN KT A MEAHER L TW5A725, ADAS FIHIZXT3 % Robotic
cars 1 9 4 " — O MG OMIRE LI, 2021 421389 9.2, F 72 2025 4E [ U8 2026 SE X FNEI7.02, 643 TH
%. Robotic cars HHT7 4 #—DIII) MNP ADAS BHH I 4 ¥ — L ) K3 A MEDSBEE I CHESL D OO, ZOHM
1, 2026 4FEICB VT H ADAS FHICHAR TR L LT )V RMiTh s Z L2550 5.

Yole Development #1: & Woodside Capital Partners #Li, 2018 4F 4 H 23R CTHIMT 4 ¥ —iHH I L Tk
HLZT 207 V¥ VERITIE, 2016 4E00 5 2032 £ F TORMIIOWT, ADAS HiH % UF Robotic cars H
IZoWT, W EHE LB EHOEREBO T — 7 FH LLIBAESR TS, ZhiZkhiE, #lziE
ADAS HLH @ 2021 4F, 2025 4 [ 0 2026 £ o A48 (FALE T Fv) X, £hEh 176, 1,535, 2,532 °C
H 5D DIZH LT, Robotic cars H 0 2021 4F, 2025 4F ] T8 2026 SE O M &8 (BALH T M) 1k, Zhen

A. Debray: LIDAR market overview, EPIC Online Technology Meeting on LiDAR Miniaturization, May 9, 2022, https://epic-
assoc.com/wp-content/uploads/2021/12/Alexis-Debray-Yole-Developpment.pdf ~ (Accessed 2022.6.8)
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1,614, 4,655, 5,075 £ 7% > TH Y, Robotic cars AN R DIZH) DX ADAS HHOZFN LD 0% ) K&
BWMEIC D EFUMEINRTH S LS 0s,. ZOTLEYERT 2L, ADAS HH o MG # A
Robotic cars FH O w48 % #& T E % D% 2029 4ETH 5.

T3k L 72 Yole development £t 2022 4E 5 H D7 L ¥ V& HP & 2021 EO MM &2 B L TAH B &,
ADAS B O I 441, 2018 4E I P L 72 IV & D 0483 f5TH 5 DI L T, Robotic cars D H
WS, AL 009fELoTHEY, TRETIX TSN TWANHBEARIEICH ML TLE S22
L D353H 5. Robotics car JH O MG & E O FRASKIEIZH/N L 28 HIZ, midlLzZ8L, 7y =&
Ao HEREEREIGETT, ETRBEFEEORTEEICLY, REFHRESBELLZIE® R, 20204121
IR FMOWKREIET 272012, ZROMEFHEEREOETHBREZPI L2 &2 EI12X), LY
5OEEHEEEY HIE LB XM L2 L lIL b DEEZHN5.

Strategy Analytics #1:12 X 2T 4 ¥ — 12T 22021 49 H 7 HHFFOLE— 9121k, 9 1<A
WV OSEHEE A B EER S v b VR KRB DA ETT SRR R O E R 6 b L O KRBIH R SR BRALL 7
ey 20 AN O ANE AT R MREE S 4 47— D 2018 4E7> 5 2028 4E F TR EEHU I o Hifif &5
BoFridfsnhcnsg, 2k, #l2iF 2021 4, 20254, KO 2026 E0BM A (HALT
) 122V Tk, EhZF1188, 3,025 5111 &%->Twh. IIHDfl%, Hizk L7z Yole Development L
12X 520245 HOFLE VERT ICREIMEI N T W72 ADAS I D 2021 48, 2025 4E, 2 U8 2026 4E 0 Hif
B (HBATR), Z2hEih 143, 3,110, 5599 LKL TA L L, MMAEICET 217, Fhi3
EREBHEN RN LG D

F3k U 7= Strategy Analytics #: L — M2 X AU, s o M AEEO b v 71E, 2026 4 F TREON
TH DD, 2027 FLRRIIHEN Ny T2 b L FMEINTWS. 2K, 2028 F ORI A1 9,707

BTHHH, FEOHIE > = 7%, #E 30.0%, BFKIM293%, NAFTA (ALK 3 7 E) 23.8%, HA
9.76%, Wi 6.97%, %DM 0.06%, BENEFNTFIMENTWES

HECBIT S T4 5 —BROEHRE 4~ 7 — %/Ffﬁ$bf&ét HEFECRRSI N7 a r T
1%, Frost & Sullivan {LD LR — b & Hil c e L7254 =BT 2B 20 £ AR5, L
P LEAMOELDREZE L KR — MEIEAITH 5720, BHFICU2o TEHEHRIOLZLEHESLDEDLE2H%
W, BEEEEHRIC R 528, HESRTS A 57— X —H —TdH 5 Neurvision 0 71 711012 XL X, Frost & Sullivan
i, 2025128 S T4 F—OMRTHELHBIZ 1354 6 F)V, 2019 2005 2025 4 F TOEFEYHEERIT
64.5%, ZDHH 2025 EDOTEOWIGEHEMIZBIE RV THLEFHLTVE. IA5DT A 5 —1F, I
WHOIEAIZ, WEMEHAZEMORAERLEATWS EE 2 LN, Hidb L7 Yole Development £ 2022 4
SHOZLE VBRI S T W72 2025 5EI2B U 2 BB T 4 77— O MATEE 43.59 8 K & ik
L Tk b &, Frost & Sullivan #7237 L 72 [F4E O i 35 BB, Yole development #1257l L 72 15 ¥ BlA o
3ETHL I EDG05E. FEE YA RTERA S PFERMIEL, THHLDKE DO Frost & Sullivan ft:
WL B TFHUEDITZ ) ZIFA TV L DH S HNZ 0N,

FHATIA 5= L TEL D7 a7 %%k LT\ 5 Patience Consulting £ Rangwala KD FH~<IZ L1
7 ADAS B, AV (HEBEHRHE), KON v 71T O TAM (Total Available Market) 2B L CTHifi L€
WABTHHAEL R — ML 2 WM OIS, 2025 EA% 106 5 KV, 2030 0% 310 Fv o 2
EooF 7 2025 FFICIE LN RULNRVADHENESHIR, LRXVAD Ty 79357 TR I NG &
HESNTBY, 457 —oflitfid, HEE 154720 1,300 FveisbZl, 7220304121, LANL3
ROV 4QFEDP 20 GHE, VRVAO NGy 2B 4FHAHMEN, HBHE1GH200T 1 57—l
Held 1,400 FIVICHR B 2 E R ENFBRSENT WS, 20254E LD 2030 D) VHBIE 1 AH72Y) DI A
it R HBAE, LAXVIOHIDSEEDIA V-2 BELETHLXRXVADHEDOIENET S
72HOTHHELTVES

"1%Neuvision, Inc: Insight on LiDAR industry chain, March 18, 2021, https://www.neuvition.com/media/blog/LiDAR-industry-
chain.html  (Accessed 2022.6.8)

11, Rangwala: LiDAR: Lighting the path to vehicle autonomy. Automotive LiDAR is a brutal but exciting business, and there
will be big winners, just like there were in the fiber optics boom-and-bust period 20 years ago, March 1, 2021, https://spie.
org/news/photonics-focus/marapr-2021/LiDAR-lighting-the-path-to-vehicle-autonomy?SSO=1  (Accessed 2022.6.8)
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SAT—DF 4 7L, BRIEEOHEL X OEROBIERIZ LI2X 5T, (L—¥F—3%iK 360° il
D) B, (L= =R E 2D, NS TY — 2 O M 2 M ERT 5) EEER, K
ORI BRI 2 2 B E 2 VBRI 3 ¥ £ TICRKRELS G TE S, ¥—20OERIC MEMS (Micro
Electro Mechanical Systems) % f\»% MEMS E&R T 4 ¥ —1%, MEMS D BREEBAMED TH/NTH S Z &
Po, EEAEMT A ¥ —ORFIZEDDLLEVIEZ L, ML Idwo TS MEMS ([ZIZRERAEAET 5
DT, FEERIAF—IZEGDDEV) ZHBY)DEZDHBDT, MEMS EEM T [ ¥ —DALEDIIFIC
BHEENLETHD. SRS 4 ¥y —I12iF, ¥—aERBE2LLl 6w IIv 2545 —L, OPA
(Optical Phased Array) 72 E DWW R TERIZE D A A L A — A% EET 5 4 5 L 2 B5EA T A
FTAT—=ENDHDH. ANV ANFNERTEICIE, %ET5X9I1C0PA DENICHHEROEETELEH %
2, L0 HATHGEMCHET 2@mICBVTIE, A H L ARFEETRONM 2 XKML, Fh
% —5 LT OPA OHilEL AT T LIZT 5.

Ak L 72 Yole Development #1: & Woodside Capital Partners f1: & A%, 2018 4 4 HIZH[F THEEE T [ ¥ —1iH5
WCELTHE L7 LE VBRI, PREAES 4 55— 2 EARERRK T (¥ — L 2ffRlS 1 57—
2530 C, 2016 4EA 5 2032 4R IHF TP, ADAS HJH K% UF Robotic car 1D 7 A4 " — O WA O T B 5L
WZoWT, FEREBEZTFUML 0D, COTLEYERIZBW TR, MEMS EEM T 4 ¥ —1%, 2EHRE
SAF—DOREEICHDTWD, TR I UL, Robotic car IZDWTIE, FIZIE, 2025 £ 12 BT 5 4HEMW
KIA T —ROEFERMT 45— (XHVARFNEEREEZA LZBRNI A ¥R 7Ty 254
F—) ok WATEH V) &, FhENn4582, 13 THYH, EEAMS 4 5 —D Y 7% 1.6% Kiil
Thh. 20324 ITDVTIE, FNEFNG6719, 1492 THY, EEAKET A 5¥—DY =713 182% FREZF T
BELETFHMENTVS, —T5, ADAS EHIZOWTIE, BI21E, 2025 EI2B T B M5 1 ¥ — RO
AR S 47— L QAR FV) &, ZnFh 1312, 223 CTH Y, EFRRNS A yF—nv 271
¥ 15% THAH. Zoftild, FAEIZEBIT S Robotic car HHERARI T £ ¥ —d ¥ = 7TIZHART, 10 f555K &
W 72, 2032 4F 12DV TIE, ADAS I O &M T 4 ¥ — RO ERERI T 4 ¥ —5% e (BAE R
V) E, FRENR2068, 7550 TH Y, EEEMS A ¥ —DT 27 I3M85% I CETEEILLDE TR
NnNTnwb.

ABI Research 113, ZlR N2 Wl I A A~ — 714 B2, Uil EontvFa) 51+ —H, THA
HETOMRMEER L EOEEMN R EICHHEINDLTA 5 —% 10T 54 ¥ —EMEDT, 0T 54 % — /RO
BT 47— DFE 2 LRI 2020 2> 5 2030 SE 2T TOEXIERZ FHLTWSY, Zhick
g, BTG4 5 —DII ) PEBR—ATOREEIFH D OO, 2020 £205 2030 4EF T, HIZTI0T 54
T—DIE) BEBNR—ZATERMSTEY, 2030 4ETIE, FRIFIA ¥ =13 1295 GHELZDICH LT, ToT J
A7 =12 1598 HHARIC LA LEFUML TS,

F oML, BHKT A ¥ —12onTiE, BS54 45—, MEMS EEREIR 7 Iy v 2l (45— R
DA N L ZADOWENERFREARE T £ 57— T, 250 2020 5205 2030 FEI2HTF TOEBRAELD
FERMERZ TFWLTWD, Fig. 112, THHHET A ¥ — DERMERZRT'Y. Fig. 112513 2 B
(Mechanical) 74 ¥ —12i%, @ TOFEAKRE T 4 F—nEHETh b, ik, BENLEBOERET A
T =13 A L AR AT RO EAR (Solid State) T4 #—TH V), M/heth 4 X TH-THEMKN L
BRBYE %2 & A 72 MEMS BRI 5 4 7 —%, @il COMBIIAMELT Ty 254 F—1%, M
A7 =k AH L ANFEREETRERR S 4 ¥ — L OB ET 2EENRTIA T —ThbEEZTWH
5. FEEWMAS 15— MEMS EEMZ2&E) OV 27 PR TA 5y —D Ly 27 20O TBZ A,
12025 4S5 2026 ST TORPEEINT WS, AH L ABFERTRERMS £ 45— (FE LT
FMCW /X5 4 % —) 1%, i ToOND L5 RelAT2026 SEEHEEZ 5NLTE Y, 2026 FELLEDETFIY
BERIILZDENDOD, ZOY 71220304 12% > TH MEMS EER T4 ¥ =R T7Fv a5
=S b MHEMEDTDTA F =123 RIEEVWEZZONTWAS., 5B, AL ANRFERERTR
ARl S £ & —DREREBANR— A TEBA T 4 5 —12IZIZBWDO L DIF 2029 FEEHEEZ S5 NTW 5,
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Fig. 1 Installed base of automotive LiDAR sensors world markets from 2020 to 2030'0)
(© ABI Research).

3. EH I H—DHIK

3.1 TREREADOSA F—EHIKR

Table 112, 74 ¥ —ZEWL-AFHEME WM ~7 v 720 KRy 72 —EFOMMAEIIREL) ow
LOPDFFNZOVTD, EWLI2T A4 5 — O L OBRMEZICET 2 ~E2RT. o4 5 —%%
WL ZH L Cnbed, ZROHTRTEMMELZLOTIEZWI L, RUERENLT 4 57— D
BIZOWT, HPH XA - =25 LS AT AI L 3H TV VDT, MrOEMEGEATZA VY —% v F
TBREMBLIAREZL DT DD TH S 720, WBNFICFHENIEEINTEY, 2425FT LI
WABOEIPIE L W EI DG hEhntny 2 ezBli) LTBL.

Table 1 121%, HEJHE X —h — 20 OB TR SN TV, HEE X — 7 —HoEMATUL, FE 11
o R4 w3 kE3H, HA24, 2 z—Fr 1 #THY, FEOEBE X —H —KHBEEWICS
VW 7, A —EERLUAEME, EENICERKABE (BEV) %W X) THhb. Table 1 IZEEHS N
7294 7 —OfFHEADE, 360° FEMB O T 4 57— KA 4 L ARENEETXEEAFRE S 1 57—
7% ADAS IR SN R Y7250, ZhFTHE A, ADAS HFICHRH I N5 14 ¥ —1T,
WIENLFERS 4 =Kl (BEAKRI A F—DIBD) 75932545 —DARTH 5.

2017 4F1C Audi 3T JEERIT T, Valeo ## 5 £ 4 — Scala 1 #FEH L 72 LNV 3 OEREZ A5 5 ADAS
HFA8ZRITT LA, TAMOBMEENRHY, TOHLIES L TA F—%23H L 72 ADAS BN %7 >
72712,

LA L, 2021 SERIBEIE, LAV 2 ZEEALLZL NV 24+ %, XD EER LNV 3 OBREE A L7 ADAS
B e CEEINDL L) IThoTz. ADASHIZIEZ DLy — (B A7, L—F— BEkLI—7%
E) BEBEIN T2, Tesla ttUANDEL S OHBIHE X — 7 — 1%, BEFEZ LNV 3 D EOEEDOFH
I21d, 94 ¥ —OBBIZIFIZBALEZTWDEEDNS. Yole Development £ D L F — 1712 Xk g,
2021 AR5 3 YR T, HBJEIAT O 7 4 7 —FEICH b > TV RERIT 60 L EH 225, ZDH b
BRI H B BL52 )8 B X — 7 — (OEM: Original Equipment Manufacturer) (ZERH S725 4 ¥ —+10d 14 #1H %
EoZ k. HEMELTRIRS Nz (Design win) HEUZ 29 hH 575, T OHEAN—ZADHERT 1 H°
Valeo t1 (28%), 2 £ % Robosense #1: (10%), 3 f »% Luminar #t;, Livox #t, Denso %, Continental 1,
Cepton 1 (%5 7%) % & TH 5.

3.2 BREFEHTA I —DBEARXKUELRLH
Table 212, TN E TICHROFEHFITHER S NP E AR E o 72 EHE S NI 7 A & — ORI

2] Yoshida and M. D. P. Emilio: Audi A8 with Level 3 self-drive and LiDAR technology, May 21, 2020, https://www.eeweb.
com/audi-a8-with-level-3-self-drive-and-lidar-technology/  (Accessed 2022.6.13)
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Table 1 Examples of ADAS passenger cars equipped with LiDARs
Probable . Presumptive, Number of
Car LiDAR X
start year of Brand, Model LiDAR model LiDAR type LiDARs
manufacturer manufacturer
production and features per car
Audi Mirror scanning
2017 A8 Valeo Scala 1 1
(Germany) (4 layers)
Mercedes Benz Mirror scanning
2021 S class Valeo Scala 2 1
(Germany) (16 layers)
Honda Mirror scanning
2021 Legend Valeo Scala 1 5
(Japan) (4 layers)
Denso (Front Lidar) Mirror scanning 1
Toyota (Range 200 m)
2021 Lexus LS
(Japan) 3D flash lidar
i ?
Continental (HFL110 ?) (Range 20 m) 3
Lucid , MEMS scanning
2021 Air Robosense M1 1
(USA) (Range 150m)
Xpeng . Non-repetitive
2021 P5 Livox HAP 2
(China) mechanical scanning
NIO X Mirror scanning
2022 ET7 and ETH Innovusion Falcon 1
(China) (A :1550 nm)
BMW . . . MEMS scanning
2022 iX Innoviz-Magna Innovizone 1
(Germany) (Range 150 m)
SAIC . . Mirror scanning
2022 R Auto ES33 Luminar Iris 1
(China) (A :1550 nm)
BAIC ARCFOX Alpha S . Mirror scanning
2022 Huawei (96 beam) 3
(China) Huawei HI Version (Range 150 m)
GAC MEMS scanning
2022 Aion LX Plus Robosense RS-LiDAR-M1 3
(China) (Range 150m)
WM Motor MEMS scanning
2022 M7 Robosense RS-LiDAR-M1 3
(China) (Range 150m)
Xpeng i MEMS scanning
2022 G9 Robosense RS-LiDAR-M1 2
(China) (Range 150m)
Changan Automobile . Mirror scanning
2022 AVITA 11 Huawei (96 beam) 3
(China) (Range 150 m)
Volvo . . Mirror scanning
2022 Embla Luminar Iris 1
(Sweden) (A :1550 nm)
3
Great Wall Motor . . 2D VCSEL arrays
2022 ? Wey Mocha ibeo-ZF ibeoNET (Long range 1,
(China) (Sequential flash) .
Medium 2)
Li Auto X Hybrid solid-state
2022 L9 Hesai AT 128 1
(China) (128 VCSEL arrays)
Faraday Future "MEMS-like"
2022 FF91 Velodyne H800 2
(USA) solid-state lidar
Generfal Motors Nine different . ( Vista X90, Micro-motion
2023 Cepton-Koito Unkown
(USA) models to be modified)  tecnhnogy (MMT)
Hesai AT 128 Hybrid solid-state 2
Geely Aut ti
2023 eely Automotive Lotus Eletre (128 VCSEL arrays)

(China)

MEMS scanning

Robosense RS-LiDAR-M1 (Range 150m)
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Table 2 Presumed operating principles and representative specifications of 3D LiDARs adopted for ADAS cars

LiDAR Presumed Layers (channels) Angular Range (m)
FOV (H x V) Frame rate Wavelength
Provider scanning in equivalent or resolution for 10%
. (degree) ) (fps) (nm)
& Model methodology 2D-pixel layout (degree) reflection
Horizontal:
X X 16 per scan 100
Valeo Rotating-mirror-based X . . 0.125° for £15° (inner)
16+16 interlaced 130° x 10 @50% True 25 905
SCALA 2 1D mechanical scanning . 0.25° for outer lobes .
per scan pair . . positive rate
Vertical: 0.6
Livox (Risley-prism-based) Equivalen to . . . .
120° x 25 up to 0.16° x 0.2 150 20 (905 ?)
HAP non-repetitive scanning 144 lines
Cepton Micro-motion = N . . .
i Unspecified 90° x 25 up to 0.13° x0.13 up to 200 up to 40 905
Vista X90 technology (MMT)
X Precision 2 axis scanner 640 lines/s . X
Luminar . H: 120° Horizontal:  Min. 0.05°
X using low-mass motor Software . i X . 250 1~30 1,550
Iris i ) V: 0~26 Vertical: Min. 0.05
scanned mirrors configurable
2D-mirror scanning . . R Within ROI'T region:
. . X 1500 lines/s 120° x 25 ) . .
Innovusion (using a rotating X Min: 0.05° x 0.05
Software ROl size: 250 10 1,550
Falcon polygon mirror and a ) R N Outside region: 0.18° x
. . configurable 40° x 4.8
1D scanning mirror ?) 0.24°
= (~250) Uniform FOV
Unspecified
Innoviz X X . . . . (Dependent on 10 fps
X 2D-MEMS scanning (Equivalent to 115° x 25 0.1° x 0.1 o 3 905
Innovizone X within ROIT or  FOV with ROI T
250 lines?)
not, etc.) 15 fps
Unspecified . .
Robosense . . 0.2° x 0.2
X 2D-MEMS scanning (Equivalent to 120° x 25 120 10 905
RS-LiDAR-M1 ) (Average)
125 lines?)
. Combination of 1D-mirror X
Huawei X . . Undisclosed
scanning and micro- 96 beams 120° x 25° 0.25° x 0.26° 150 Undisclosed
(96 beam) ) (9xx nm?)
MEMS 2D-scanning ?
Hesai Rotating-mirror-based 128 Frame rate ?
esal
AT128 1D mechanical scanning  (Overall resolution: 120° x 25.4° 0.1° x 0.2° 200 (1.53 million 905
with 128 VCSEL 1D array 1200 x128) poins/s)
Undisclosed 0.1° ~0.25° ?
MLA ( Micro-Lidar Array 120° x16° ? . 1707 Undisclosed
Velodyne . (8 channel 905 nm o Undisclosed o o
achitecture) L (Specifications are P (Specifications (Specifications 905
H800 ’ . edge emitting . (Specifications are o .
(Details are undisclosed) preliminary) . are preliminary)  are preliminary)
lasers are used ) preliminary)
Long range: Long range:
Flash Pure-electric
) ) 11.2° x5.6° (7° )* 0.09° (0.04° )**x 0.07° Typical 25
Ibeo Using 128 x 80 VCSEL sequential row Long range: 150
Short range: Short range: (Fully 885
IbeoNext 2D array scan 120 channel (Short range: 40)
. . 60° x30° (37.5° ) *  0.47° (0.23° )**x 0.38° programmable)
(All-solid-state) in parallel ) . )
* non-uniform resolution ** interlaced
C | Flash 128 x 32 u fied <507
ontinenta as X nspecifie
‘ _ 1200 x30° nepectie (Reflectivity 25 1,064
HFL110 (All-solid-state) (4096) pixels (0.94° x1.07° ?7) o
not specified)
T ROI: Region of Interest
N PN S > N — — N S S S = N —
W ZN S OEEHTAROCHMOMELZ IR, T4 5 —OBMAR R EEBERLEE T XOFEMZ &3 7 4

F—RA—H—DH YO ICHBENTO RV ERLIELIES D, F72,
TECLIIFLIZETEIND 2D, 4 V7 —% v ML A EHIRRRET MR L I L 2 BME Mk LT, &

DHATEBEDVRIZED I LDZODTH BN,

A= =Dt N—T 5 Ty

FLRABEOAETH, BFEICBWT, EBRICELVWORrE

BAnonymous : L — % — L — ¥ — (LiDAR) Iris, https://www.cornestech.co.jp/tech/products/products_luminar_lidar_
iris/  (Accessed 2022.6.13)
4Neuvision, Inc.: Luminar's LiDAR is tested by Tesla?, June 3, 2021, https://www.neuvition.com/media/blog/tesla-testing-

luminars-lidar.html

(Accessed 2022.6.13)
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IMZGHIOHRNVEVN) ZE2BITY LTHEL. F2IE, Luminar #4354 ¥ — Iris OB G2 A S Tw
BR—AR= E T [KEBEA 120°, WEAEM 26° D 2 RICAF Y ¥ I 7 =2l &) ililsd
BB H kA S O MEFOEH ZRRTHAL E, MHPIZE) TV &0 HENEG TR TV L5
Blkd 57-0T, Al Ed 1Mo —2ERR, K ITREEIFHSMTORLTREESH LS. —)
A& =%y MRECI L EZICMEMS 3 7 —=PH0WHNRTWEEWIFEXRAALH LT LiL,
AALOEL DR =2 R=D 12, WEEE I A FIONT VA0S EZ T, (Bl0) BEdeok®kIs—%H
W2 2 OB OEEIIRETH B LLWEINTVEDT, L4 ED MEMS EFIFFRH I TV
WZ LN THA DT, B, Huawei D 96 ¥ —2 D5 4 ¥ — (NEJH DT, #HAIZAH) 1200w
T, WALBMIEEI S —PHWONRTWAEEWI HXRAANH L — TN, WS 4 5 —I12]§
24y —%v F LOREROFGTIE, FFAEERT A ¥ —I34EE 10 THEDE, gk idmER: 200 v
DTFZHIELTWS L) itlie &I, AL ER D012, LA L 72 MEMS2 RITER KO
FA Y —ORRAEBOEKT 4 ¥ —ICFT TICHRAENT VB ILENLZVERRNTVEHEZRAAL RSN
AN Zofw, FAEERET 4 5 —I2id, BIEREC 2 RICESITIC MEMS 3 5 =20 5N Tw AT
WAEZE DI DbNLED, EBEATLTCOT A TF Y VX BRERIIES Th.

ik L 72 Yole Development £ L K — 742 ki, HiR & L THRIR S M7z Design win 29 £E 0T
AT = 7%, B 66%, MEMS ERFTR17%, 75 v ¥ 2R 10%, AW 7% T 5. Table 2 IZFLH
L7280 5 4 5—=122o0nC, EXFRNL 272 HRTHRDLE, EWK S50% MEMS X 33%, 75 v
Ya iR 1% otz B, T TR, Huawei tED 96 E— 2D F 4 ¥ —1F, MEMS EE SR TH A9
LA L7 72, Velodyne #h D 5 4 % — H800 1, 2 SIEEETAPHRIN TRV OO,
MEMS B OEFEFRPRHENTWEEEZ SR IO T 7B R/ oho720T, 22Tl
CORFD T 4 ¥ —1x MEMS OHiEICED TEEY A THOY = 7 2 5HH L7z,

% 72, L7 Yole Development #: 0 L F— 72 kAU, HkH & L TIRIRE N7 Design win 29 12D W
TOWEENY = 7B LTI, 905nm A%69%, 1,550 nm %% 14%, 1,064 nm %% 7%, 885 nm 2% 3%, ASHAAS
7% & LTWwW5h. Table 2 IRt L7z 124D 54 =200 T, RO T 2FHLTASLE, 905mm
58%, 1,550 nm 17%, 1,064 nm 8%, 885nm 8%, A 8% L7Zz-72. T I T, Livox D7 4 ¥ — HAP D)k
FldBZ5<905nm THAH) & Lz, T/, Huawei (LD 8 ¥ —2 D5 4 F—=12onTid, MHHEEICH
FTAHERDPEL Ao S L o720T, HHERIAHE L.

4. EHEARMALEERT A X—ORFEIRR

4.1 REKLEHGHS 1 F—DTER

CZTV) RIREREAT 4 5 —1%, BN -2 EETEREHCRVWEREKT A 5¥—ThoT, H»D
AFx VEREECALEVT Iy v aTdA 85— LbDTH L. HEHAT A ¥ —I12i%, B0
WEPREL, OB — WPV ELELDZEH 7Ty 2 ikDIA F— 3@ I VDT, [M5h
DEEMEL TAZTA T =035 KRR EEART A F—IZsSbLweEbh s, kit EEET A
F—12id, 1RTERV L2 KTEOETFHAF v HERE%ZH L2 VCSEL 7 LA D2 HW 27V v (75 v
va) 47— WOAAMETREREZ A L7262 7 L A4 (OPA: Optical Phased Array ) 222 R OF L
Y ARMEMEICHE L7, 74— ANVTL—Y AL v F T LA (FPSA : Focal Plane Switch Array) A3 1

TI5M. Weed: Sensor (y) overload: Making sense of lidar, https://www.luminartech.com/sensory-overload-making-sense-of-lidar/
(Accessed 2022.6.13)

165, Chen: Huawei LiDAR preview, Dec. 10, 2020, https://schen583.medium.com/huawei-lidar-preview-922dd2d72828
(Accessed 2022.6.13)

17 Anonymous: J. Huawei takes action: Releases high-performance automotive-grade lidar with an annual output of 100,000 sets
(in Chinese), Dec. 26, 2020, https://www.vzkoo.com/read/16c5debdd2694b24d41d1823700b926a.html  (Accessed
2022.6.13)

183, Abuelsamid: Velodyne's $500 Velarray Solid-State Lidar Goes Into Production In 2021 Nov. 13, 2020, https://www.forbes.
com/sites/samabuelsamid/2020/11/13/velodyne-announces-500-velarray-h800-lidar-production-in-2021/?sh=24197b146e8f
(Accessed 2022.6.17)
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%. FPSA %\ 72¥ — A& EE, LABS (Lens -Assisted Beam Steering) #: & dIFIZM T2, 2 ¥ #
i (Metasurface) %MW 72— A EREFEL VWA WAIEMBE SN TEDY, 215 H)E#EMITIE OPA O
HEICED D RXE DS AN \WA, Lumotive L2 L 72 2 ¥ M LCM  (Liquid Crystal Metasurface)
WX RS L, o OPAIC X 2R HART, BEENLL, »OKOFED LKNESTH
hIrlik, BRI EZHAHZ TVE L IICEDLNEDT, Spector KIZX 5 T4 7 —HEETRDSH
FPN2H 55T, LCM IZ2WTIE, o> OPA & XHI L TULFIZHT 5.

42 FIORIV (TFva) 48—

Ouster f1i, 7% 850nm @ VCSEL 7 L 4 LI SPADs 7 L A # W7z VF =L T Ty 254 5 —
0S-1 & & FTTITHIML TS, N5 OAFEERITIE 360° FERBEMAER2 VSN T2 [
#2022 4F 5 HICHBRSNIHERINT 7 LE VBRI, FfE, BEREEE 2w
EFEA T I NI A ¥ —DF ) — A2 HBIERBEHTH L. AT 7 id 2022 FHICHMTE 55, &
FEWX, B-H TN, ROCH ¥ IO R OFHMi & 2 72150 2025 SFICh A2 PRELEDOZ L. mIHET &
OB A 1 &, BOICHEEEN 305 AD Y M T, £ O ADAS BEEN /29 2 £ AT,
SEHMiIEIE 1 BEHZDK 200 v, 18y FTH 1,000 FVBFESINTWS. %8, DF V) — X Cflif
SN 5 VCSEL DPFERAT0S-1 & FARICIER 850 nm 2 DA, ZN e bR 905 nm 2 RO E2MEH S
LONEI PR EEREFEDT, DF V) — AOMERDFTMIIAATH 50, 945 —DF—FRHHEEL LT
IBM AL Y MNsBFEINTWE2 OT, 24 EEMZ 3 RICEDOT— 5 B4 6N 52K T 4 77—
2025 AFEHICAFREIC R D b0 LHfEZR S LD,

43 LCMEEBERSA 44—

Lumotive 113, ToF 54 % —& LCEMET A, LCM ERXM S L 5 —% 2% 54 ¥— (Meta-Lidar™) & -
O, FogE—5e LT, MENHE 10~20m 25 & L7z, CMOS i & VCSEL $iii % 1% H L 72 Lumotive
M30 DEGIEFEIT- 7272 ik, o M30 @ FOV (Field of View) &, 120°%90° TH V), 4
AEIL 640x480 TH 5. fLE, ZoHFIFLARLLLT, A= 74 Y RILEHFE AR (Augmented Reality)
HoEHEES 44— 030 GUEEE 10m, HEE0SW) KOHREREEM L30 GUEEE200m) % #
SRANCIMZ T, LM BRI S 4 5 —% 2 ) — (b L 723, L30 o E 2R, AR (<400 cm?®), JEH
B (140°x90°), EfREE (0.1°%0.1°), W7 L —2A#E (>20Hz), %R ETHAL. [tto LMCEAR T A
F—1%, EEMAMROCZEMIZ, BroR 0r 574y 7Ky =Y E2 515 LCM 725, £hEh
U, B2 ST W52 [ Wito LCM 1E, 0.13 um OB 2 CMOS E#k 7 1+ 2 % v ¢
ByEXNTB YT, BERICIZT A MERICKE 2R EZRIET 20 LRI L.

O LCM ERAE T £ =128V Tid, BELLL LAMIZE 2 ERIZ 1 RITTHAOATHY), Zhiil
XY HHAZOWTE, BIROE =206 FEH VS —HM7 7 v ¥ 2 lXd, &50id 1 RILO VCSEL 7
LA ZMWE 1 REETHEELTREDHEMERXAM O TVwLOTRAVALIEES S, 2B
HMOFREDORFICIE, T4 57 —OHAYL R OERELR EOHNT, SR E U225 LCM F TO ¥ —
AFYNY—HELT, BEEREZHVLEIICLZDDORY, LCM O A4 v F ¥ 7 EfEREHIZ 25 ps 12

T19G. M. Akselrod: Optics for automotive lidar: Metasurface beam steering enables solid-state, high-performance lidar, https://
www.laserfocusworld.com/print/content/14036818  (Accessed 2022.6.15).

A Pacala: Y NVFE—LT7F v TaT45—=0L <A Nov s, 2018, chrome-extension://efaidnbmnnnibpcajpegl
clefindmkaj/https://www.opt-techno.com/opt-ouster/pdf/how-multi-beam-flash-lidar-works.pdf ~ (Accessed 2022.6.15)

2Quster: Ouster Investor Presentation, May 2022, https://s27.q4cdn.com/377532724/files/doc_presentation/2022/06/May-
2022-Investor-Presentation-(3)_re.pdf (Accessed 2022.6.15)

2L umotive: Lumotive unveils Meta-Lidar™ platform—Industry’s smallest, solid-state, all silicon, scalable 3D sensing solution,
Sept. 6, 2021, https://lumotive.reportablenews.com/pr/lumotive-unveils-meta-lidar-platform-industry-s-smallest-solid-state-all-
silicon-scalable-3d-sensing-solution  (Accessed 2022.6.15)

23 umotive: Products (Lumotive M30, Lumotive U30 and Lumotive L30), https://www.lumotive.com/products, (Accessed
2022.6.15)
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B L B0 20T, ¥ — AOERIRAT v FIRISITF AV, LCM OEAAEREIE L L TW B I L —H —
Y- 2% %ZE LT, LCM OEEFE ZHRT 2 HIICB T 2T — 7 2 RECET 5 X)L
EAHAD R, LOM ROBRZEEERIC L 2B HEAL D S5 LOMIES 2 Ak % i 2 72 LCM Bi#ic
IV —a%ERTLHRY 2L, BIREVCHAEICOPETI TV,

4.3 OPAEEHSA 44—

OPA RIS £ 7 — Tl H 2 FEH A —H—1F, BAED L T 5 Quanergy tHEDOATH 5. L)l
HEX TR ZHEBI T A4 ¥ — PRI EBR I N2 D0 L I Tw2ds, WELICHEHBHIA ¥ —0
TREIEFEI L Tniwv, BIER— 2=V ETRASIN TS, K905 nm & 7z, OPA A4
AR 4 & — S3-2NSI-S00 D Wil ik, KA 10% OWEAROEA, K Tm, #HEH50°x4° TH
D, MR, OB MASN. AL, 202245 2, OPAEEMT 4 ¥ —83 ) — XD
T A MIBWT, RAHMEHHE250m 2SEI L2 R LA™, HBARG MR L, WDt
F—Z I L CRRERAE R, IRPZTTRD E EOREDRIELMAGE XIUSEH LRERT (5 —
PEHT L2002 AEHTH L. FEFEHETOHEBA OPA EER T 1 ¥ —1F, FMCW FRTld % <
ToF R TH» ) Lbhs. LarL, EOXIRIATOOPAVHCOENTVLEONEHRENTEDS
¥, [A4:D OPA DFEMIZAHTH 5.

128 RO FEE WM D 1 RITTT L A ZH 72 OPA T, 1,350 nm~1,630 nm D JE WIS R EA L —
HF— L OHAFITED, 140°%X1923° DFOV 2 H T % 2 WILEANEHR L TVEY, EELY —LDIEHD
X, 0.021°%X0.1° TH 5. ThEHCT, KHHE 0% OB FEOPERIH LT, FMCW HRIZT, K
$£ 100 m ¥ TOHBENEAFTHNI0 . PHEIGEEK S 4 7O 1 RITT L A 272 OPA TIlE, EikikH
ORAT 7 ORI L 5 € —2E/IE 1 IRITCOERETH 5720, 2RITOEEXFEHT 5121, JLiEHO
WERS 2 EOFESLETHY), KK 1,550m 25T SWIRKTIE Y2y 7+ b= 2% ML
3 Y87 BT R AR R L — = IR EBLT SR VW AY, PR 905 nm % & & NIR 38UH
DIEFEREZE L —F —RFEOMBEIP R VB LW oL Bbh b, FiEEHKO 2 RITT L1 ZHwiz
OPA TlE, TNETITRAR 64 X448 BED 2 RICEALAZEHLTBLT, 2RILT LA & H W/ FiE
WK OPA IZFEHITRVEZEZ SN B, F72, JEEEEICIE, BRI E LI BEN 5720, @ill
NHEV—=F =% TENLTHALL, FMCW XD A EE =7 T =L D ToF DT 4 57—
AOFHEW KR OPA D@ HIZBFEN TR W E b s,

4.4 FPSA? (LABS™) FEZEHSA 45—

FPSAZ (MR LABS?) 1, OPA L0 4 32827 N TH Y, Aok~ O FRAREAE R 4 T#l
HBLRTWVOT, EMCW HRDOEREARE S 1 ¥ —H O 2 RKICEARIZIE, OPA LD HHELTWEIDEEZ
LNTW5,

FPSA D A A4 v F v ZETITIE, v Y = v ¥ —T 5 MZI (Mach-Zehnder Interferometer) % OF
MEMS 7% EAH W 5 TWw 5232 pointcloud #t1d, MZM (Mach-Zehnder Modulator) % FiwC, 512 (32
xX16) ¥Z7 vz Lz RBELRIe—L Y MRET VA 2L, AR 4mW O L —F—HwT,
FMCW HRICE DV HEBE 7S m FTO3RITA A — 3 v P EBEIT-7230. 1RIE, FYF VI A FHBD,
20 AAYE T VRO EREMZR T4 ¥ —W{EBFEHTE LR HL LD L.

INFTHOEZAH, AL v F U TEFELTMIU DD LD L, MEMS % Vw7213 9 A E RO
2RILE v —DEBLTVDEY, MEMS 7 L4 2 AL v F ¥ ZFETFITHW 128128 (16,384) ¥ 7 &
V@D FPSA M T 4 #—Tlx, FOV A570°x70°C, 7 FL ¥ ¥ 75k (Addressing Resolution) 0.6°X%0.6° 2%
BoENTWE, FUFLT I RAZIBA A=V Y IHRUTRETHY, T LY ¥ ZFOREEEITY 7 MH?
LEHRTHD. == 2mW ZH T, FMCW K3UC X 28 10m $TO3KILT A ¥ —FERDAT

4Quanergy: Quanergy delivers industry -first 250 meter range for OPA-based solid state LIDAR, May 10, 2022, https://
quanergy.com/wp-content/uploads/2019/12/S3-2-Solid-State-LiDAR-for-Industrial-Applications_QPN-96-00087.pdf
(Accessed 2022.6.15)
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FMCW H R OHE T [ ¥ — %I L TWw 5 3L, Aevafl, Mobileye £, Aurora #L, GM L4 F ®
Strobe 172 L4 HH 5705, FNOLORENLED LI %54 TOU = LEEFRXEHHLT200Eh, £
NOEDORFEIIBITLAF ¥ F—ORFEOIRICET 2 ABEHS Y72 5%, 2287 bR FMCW X
EERR T 4 7 —Hoka I, SFRBEEE W2 OPA X ) b FPSA VAR TH A ) L BbI D,
FPSA O FESIC X 2 LM CHhOEMERE R B FMCW 54 ¥ =23 EHR]T 201k, F225%00ETHY,
52025 FEUHITOREOEBIIH L VOTE R LB b5,
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